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ADDITIONAL INDEX WORDS. Zea mays, autumn, farm-to-school, Lepidoptera, local foods, pesticides, transgenic cultivars SUMMARY. Field studies were conducted in Oklahoma from 2010 to 2012 to develop protocols for fall sweet corn (Zea mays) production. Variables examined included a transgenic cultivar that expresses the CryIA(b) toxin from the bacterium Bacillus thuringiensis (Bt) and its nontransgenic near-isoline, seeding rates and planting dates, and various insecticide regimens. We found that, in eastern Oklahoma, a suitable planting window would correspond roughly to the last 2 weeks in July. Within this favorable period and given timely irrigation, it was possible to sow corn to an acceptable stand. A seeding rate %1½ times the desired final stand of one plant/ft appeared to be satisfactory. Use of a cultivar (GSS-0966) with genetic resistance to lepidopteran pests was a critical factor for successful production of fall sweet corn. Efforts to produce a crop with a nontransgenic cultivar using insecticides with relatively low mammalian toxicity were unsuccessful. Our experiments support previous recommendations for applying supplemental insecticides to transgenic Bt sweet corn to potentially increase production of ''premium'' ears by reducing the percentage of ears with severe insect damage (damage >1½ inches from the cob tip). We demonstrated that a spray schedule that rotated two insecticides with intermediate mammalian toxicity (carbaryl and permethrin) was as effective in reducing severe insect damage to ears of 'GSS-0966' as a similar schedule that rotated two highly toxic insecticides (esfenvalerate and methomyl). S easonality may be the single greatest constraint to the expansion of local vegetable production (Offner, 2011) . The impact is especially critical for certain vegetables that might contribute to farmto-school marketing programs. Such programs connect schools with local farms to improve the nutrition of school meals, increase agricultural literacy, and support local producers (Kish, 2008) . For example, seasonal availability was the main perceived obstacle to increasing local food usage in a survey of Maryland schools (Dimitri et al., 2012) .
Oklahoma is representative of the south-central United States, where fresh sweet corn primarily is a summer crop. Historically, production of a fall sweet corn crop in this region (that would be available during the typical September to December fall semester of a school year) has been constrained by insect pressure. The primary pests are Lepidoptera larvae, chiefly fall armyworm (Spodoptera frugiperda) and corn earworm (Helicoverpa zea) (Brandenberger et al., 2014) . Transgenic sweet corn cultivars that express the CryIA(b) toxin from the bacterium Bt have been available since about 1998 (Lynch et al., 1999a) . These Bt sweet corn cultivars have provided excellent control of Lepidoptera larvae (Burkness et al., 2002; Lynch et al., 1999b; Musser and Shelton, 2003) , thereby increasing the chances of a successful fall crop. While larval densities typically are reduced on transgenic sweet corn compared with non-Bt corn, damage is not completely eliminated (Burkness et al., 2002; Farrar et al., 2009) . Therefore, programs that combine transgenic cultivars and chemical insecticides have been tested to further reduce insect damage (Farrar et al., 2009; Lynch et al., 1999b; Musser and Shelton, 2003; Speese et al., 2005) . However, these tests have not occurred under the combination of hot weather and high pest densities typical of the fall production season for sweet corn in the southcentral United States. Further, investigators have focused on insect damage and have not considered other marketability factors, particularly cob fill and the degree of kernel development, which may be adversely affected by high temperatures.
A transgenic yellow sweet corn cultivar, GSS-0966, that expresses the CryIA(b) toxin (Nuessly et al., 2007) has been shown to be well adapted to Oklahoma conditions during the traditional (April to July) growing season. More information is needed on stand establishment and crop development of this cultivar during the hot summer months. Some potential customers for fall sweet corn may be concerned about the use of a genetically engineered cultivar. Therefore, we included 'Garrison', a nontransgenic near-isoline of 'GSS-0966', in one of our experiments. Customers, particularly schools, also may desire corn grown using insecticides with relatively low mammalian toxicity, or those listed by the Organic Materials Review Institute (OMRI semiochemicals (Balusu and Fadamiro, 2012) . Therefore, we included some less toxic insecticides in two of our experiments. Insecticides and fungicides used across the 3-year study are given in Table 1 . The overall objectives of this study were to 1) manipulate seeding rates and planting dates so as to achieve successful stand establishment of sweet corn in the summer and an extended harvest period during the fall, and 2) study the use of a transgenic cultivar and various insecticides with the goal of producing fall sweet corn ears that will meet fresh market standards.
Materials and methods
2010. This study was conducted at the Oklahoma Vegetable Research Station, Bixby, on a Severn very fine sandy loam [coarse-silty, mixed (calcareous), thermic Typic Udifluvent]. The objective was to compare two seeding treatments on each of five planting dates for production of fall sweet corn. Dates for key cultural practices and details of pesticide applications are given in Table 2 . The design was a randomized complete block with four replications and a split-plot arrangement of treatments. Planting dates were assigned to main plots consisting of eight 20-ft-long rows spaced 3 ft apart. Each main plot was bordered on all sides by a 12-ft-wide tilled alley. The two seeding treatments each were assigned to four-row subplots, consisting of the eastern or western four rows of a main plot. The center two rows of each subplot were used for data collection. The cultivar was GSS-0966.
Following final tillage, a tractordrawn, cone-type plot seeder (Hege Equipment, Colwich, KS) was used to sow plots on each planting date. One cone supplied two rows per pass in each main plot. Packets of 60 seeds per pass were used for the ''sown to stand'' treatment, for a rate of about 30 seeds/20 ft of row. Packets of 100 seeds per pass were used for the ''thinned to stand'' treatment, for a rate of about 50 seeds/20 ft of row. A herbicide was applied after seeding for weed control (Table 2) . Stand counts were made about 2 weeks after planting, at which time the ''thinned to stand'' subplots were hand thinned to 20 plants/20 ft of row to provide a uniform, idealized comparison for the ''sown to stand'' plots for each planting date. Each main plot received a total of 150 lb/ acre of nitrogen (N), applied as three topdressings of 50 lb/acre of N each using urea (Table 2 ). Sprinkler irrigation was used to supplement natural rainfall.
This study focused on effects related to stand establishment. Care was taken to balance cultural practices across the five planting dates as much as possible. The number of postsilking pesticide applications (those directly affecting ear quality) per planting date was either two (the two latest plantings, 2 and 12 Aug.) or three (the three earlier plantings) ( Table 2) .
Plots from each planting date were harvested once by hand when it appeared that most primary ears had reached marketable maturity. All ears that were large enough to snap were harvested, including secondary ears. Once out of the field, all ears were stripped to expose most of the kernels without detaching the shucks; this made grading more precise. Ears were sorted into four categories: marketable, cull primarily due to irregular or inadequate cob fill, cull primarily due to insect (Lepidoptera larvae, mostly corn earworm) damage or disease (mostly smut, incited by Ustilago maydis) that would exceed U.S. No. 1 grade standards, and cull due to underdevelopment of kernels on the ear. Ears in each category were counted and weighed. Five marketable ears per subplot were sampled for diameter and length and rated for insect damage. Insect damage ratings were made using a scale of 1 = no damage to 5 = damage >1½ inches from the tip of the cob. Finally, height from the soil to the point of primary ear attachment was measured on six plants per subplot. These plants were cut at their bases and dried for 7 d at 135°F, after which weights were recorded. 2011. This study was conducted at the Oklahoma Entomology and Plant Pathology Research Farm, Stillwater on a Norge loam (fine-silty, mixed, active, thermic Udic Paleustoll). The objective was to evaluate four insecticide regimens (plus a nontreated control that could be considered Regimen 1) on the sweet corn cultivars GSS-0966 and Garrison. A presilking insecticide application was made to all plots except the controls on 25 Aug. due to some foliar damage. Postsilking insecticide applications were made twice a week beginning on 13 Sept. and continuing through 6 Oct. (details follow). Regimen 2 was a foliar spray of B. thuringiensis ssp. kurstaki Strain ABTS (8.6 oz/acre) on 25 Aug. followed by foliar sprays of B. thuringiensis ssp. kurstaki Strain SA (10.2 oz/acre) on 13, 23, and 30 Sept. and 6 Oct. alternated with nuclear polyhedrosis virus [7 fl oz/acre of product that was 0.64% a.i. (weight of active ingredient per unit of product not provided on label)] on 19 and 27 Sept. and 3 Oct. Regimen 3 was similar to Regimen 2, but foliar sprays of pyrethrins [12 fl oz/acre of product that was 5% a.i. (weight of active ingredient per unit of product not provided on label)] were used instead of nuclear polyhedrosis virus. Regimen 4 was similar to Regimen 2, but foliar sprays of spinosad (1.1 oz/acre) were used instead of nuclear polyhedrosis virus. Regimen 5 was foliar The design was a split-block with four replications. The two cultivars were planted in three-row strips across an entire block of pesticide treatment plots. Each pesticide treatment plot consisted of six 20-ft-long rows spaced 3 ft apart. The four center rows (two per cultivar) were used for data collection. Each pesticide treatment plot was bordered on all sides by a 12-ft-wide tilled alley.
A preplant-incorporated application of urea to supply 50 lb/acre of N was made on 27 July, after which the same plot seeder that had been used in 2010 was used to sow plots. The seeding rate was about 30 seeds/20 ft of row, similar to the ''sown to stand'' rate used in 2010. The herbicide S-metolachlor was applied after seeding at 11.4 oz/acre for weed control. Sprinkler irrigation was used to supplement natural rainfall.
A count on 14 Aug. showed that rows averaged 27 seedlings/20 ft of row, but we did not want stand variation to potentially affect experimental results. Therefore, on 16 Aug., rows were thinned so that control and insecticide regimen plots all averaged 21 plants/20 ft of row. All plots were top-dressed with urea to supply 50 lb/acre of N on 18 Aug. and to supply 75 lb/acre of N on 11 Sept.
Plots were harvested once by hand on 10 Oct. Only full-size ears were harvested. Ears were husked and divided into containers based on whether they were filled, partially filled but still marketable, or so poorly filled as to be culls regardless of insect damage. Ears in each category then were counted and stored at 40°F for insect damage grading, which took place by replication from 12 to 14 Oct. Within each of the three fill categories, ears were sorted into insect damage categories of no damage, damage £1 inch from ear tip, damage £1½ inches from ear tip, and damage >1½ inches from ear tip and/or any damage low on the cob regardless of tip damage. Ears then were counted, creating an ear quality matrix based on 12 possible combinations of cob fill and insect damage.
2012. This study was conducted at the Oklahoma Entomology and Plant Pathology Research Farm, Stillwater on a Norge loam. The objective was to evaluate three insecticide regimens (plus a nontreated control that could be considered Regimen 1) on the cultivar GSS-0966. A presilking insecticide application was made to all plots except the controls on 23 Aug. due to some foliar damage. Postsilking insecticide applications were made twice a week beginning on 6 Sept. and continuing through 2 Oct. (details follow). Insecticide regimen numbers began with the number six to avoid confusion with the 2011 experiment. Regimen 6 was foliar sprays of nuclear polyhedrosis virus [7 fl oz/acre of product that was 0.64% a.i. (weight of active ingredient per unit of product not provided on label)] on 23 Aug. and 6, 17, and 25 Sept. and 2 Oct. alternated with foliar sprays of spinosad (1.1 oz/acre) on 11, 21, and 28 Sept. Regimen 7 was foliar sprays of carbaryl (24 oz/acre) on 23 Aug. 1,000 ears/ha = 404.6856 ears/acre; 1 MgÁha -1 = 0.4461 ton/acre; 1 g = 0.0353 oz; 1 cm = 0.3937 inch. y 1 = no damage; 2 = damage £½ inch from tip; 3 = damage £1 inch from tip; 4 = damage £1½ inches from tip; 5 = damage >1½ inches from tip; 1 inch = 2.54 cm.
x Within columns, means followed by the same letter do not differ according to Fisher's protected least significant difference at P £ 0.05. **Significant by F test at P £ 0.01. and 6, 17, and 25 Sept. and 2 Oct. alternated with foliar sprays of permethrin (2.4 oz/acre) on 11, 21, and 28 Sept. Regimen 8 was foliar sprays of esfenvalerate (0.66 oz/acre) on 23 Aug. and 6, 17, and 25 Sept. and 2 Oct. alternated with foliar sprays of methomyl (6 oz/acre) on 11, 21, and 28 Sept.
The design was a randomized complete block with four replications. Each pesticide treatment plot consisted of four 20-ft-long rows spaced 3 ft apart. The two center rows were used for data collection. Each pesticide treatment plot was bordered on all sides by a 12-ft-wide tilled alley.
A preplant-incorporated application of urea to supply 50 lb/acre of N was made on 24 July. The next day, the same plot seeder that had been used in the previous two experiments was used to sow plots. The seeding rate was about 40 seeds/20 ft of row, as the projected percent germination was slightly lower than in 2011. The herbicide S-metolachlor was applied after seeding at 11.4 oz/acre for weed control. Sprinkler irrigation was used to supplement natural rainfall.
A count on 12 Aug. showed that most rows had 30 to 35 seedlings, so a preliminary thinning to 24 plants/ 20 ft of row was done. A final thinning to 20 plants/20 ft of row was done on 21 Aug. All plots were topdressed with urea to supply 50 lb/acre of N on 15 Aug. and to supply 75 lb/acre of N on 8 Sept.
Plots were harvested once by hand by replication from 4 to 6 Oct. Only full-size ears were harvested. Ears were husked and divided into containers based on whether they were filled, partially filled but still v If main effect of insecticide regimen is significant, then within insecticide regimens and within columns, means followed by the same letter do not differ according to Fisher's protected least significant difference at P £ 0.05. NS , *, **Nonsignificant or significant by F test at P £ 0.05 or P £ 0.01, respectively. marketable, or so poorly filled as to be culls regardless of insect damage. Ears in each category then were counted, graded for insect damage using the same criteria as in 2011, and counted again to create an ear quality matrix.
STATISTICAL ANALYSIS. Data were evaluated with analysis of variance procedures (PROC GLM) using SAS software (version 9.4; SAS Institute, Cary, NC). Main effects of planting date and seeding rate, and their interaction, were tested in the 2010 experiment. Mean separation among planting dates was by Fisher's protected least significant difference (LSD) at P £ 0.05. Main effects of cultivar and insecticide regimen, and their interaction, were tested in the 2011 experiment. Main effects of insecticide regimen were tested in the 2012 experiment. Mean separation among insecticide regimens was by Fisher's protected LSD at P £ 0.05 in both the 2011 and 2012 experiments.
Results and discussion
2010. Stands before thinning averaged 22 plants/20 ft of row in the ''sown to stand'' treatment and 39 plants/20 ft of row in the ''thinned to stand'' treatment. After thinning, the only difference remaining was in plots sown on 1 July (Table 3) . Stands averaged 28 plants/20 ft of row in the 1 July ''sown to stand'' plots but averaged 20 plants/20 ft of row in the 1 July ''thinned to stand'' plots. The interaction analysis (not presented) showed that the stand of 28 plants/ 20 ft of row differed from all other stands after thinning, but none of the remaining post-thinning stands differed from each other. No reason was evident for the relatively high stands in the 1 July ''sown to stand'' plots. However, since post-thinning stands were so similar overall, neither the main effect of seeding rate nor the planting date · seeding rate interaction was significant for all but one of the measured variables associated with harvest data (Tables 3-5). The exception was insect damage rating, for which a main effect of seeding rate was evident. Ears from plants sown to stand rated 1.9 while ears from plants thinned to stand rated 2.1. The difference was small and of little practical consequence.
Height to the primary ear was affected by planting date only for 
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• August 2016 26 (4) 2 Aug. (Table 3 ). Plants from 2 Aug. appeared relatively tall, and plants from both 2 Aug. and 12 Aug. had relatively little tillering (observations only; data were not recorded). Stalk dry weights increased from the 1 July planting to the 15 July planting and then decreased (Table 3) . Changes in planting date modify light and temperature conditions during the growing season, and these variations ultimately impact corn crop phenology and dry matter partitioning (Brooking and McPherson, 1989; Garcia y Garcia et al., 2009; Williams, 2008) . The plants from 1 July appeared to have been under heat and moisture stress, despite supplemental irrigation. Maximum air temperatures averaged 91°F and rainfall totaled only 6.95 inches across the 69-d growing period. Plants from 1 July averaged 10% marketable ears, and those ears were relatively small (Table 4) . Production of ears with disease or excessive insect damage was higher with the 1 July planting than with any other planting date (Table 5) . Marketable ear production and average ear weight still were low with the 15 July planting (Table 4) , despite relatively robust stalks (Table 3) , and cob fill was poor (Table 5) . High temperatures during silking likely interfered with seed setting (Lonnquist and Jugenheimer, 1943) .
Yield and characteristics of marketable ears generally were similar with the 23 July and 2 Aug. planting dates (Tables 4 and 5 ). These two planting dates delineated a ''window'' for good production of marketable ears. Marketable ear quality remained high with the 12 Aug. planting date, but production decreased compared with the 23 July and 2 Aug. planting dates (Table 4 ). The main reason was that plants from 12 Aug. had the highest weight of underdeveloped ears in the trial (Table 5 ). The plants had to be harvested a few days short of prime maturity due to an impending frost (30°F) that occurred on the night of 5 Nov.
Insect damage to the ears decreased progressively with later planting dates (Tables 4 and 5 ). In terms of the total field environment, plants from the later planting dates would have benefitted from insecticides being applied to plants from the earlier planting dates. However, plants from 2 Aug. and 12 Aug. had only two postsilking pesticide applications compared with three for each of the earlier plantings (Table 2) . We did not directly monitor insect populations in the field, but it appeared that insect pressure decreased as summer gave way to fall and air temperatures decreased. Malvar et al. (2002) also reported that insect damage to sweet corn was affected by the environmental conditions associated with different planting dates.
2011. Effects on quality of harvested ears were overwhelmingly due to cultivar (Table 6 ). Ears of 'Garrison' exhibited both poor cob fill and extensive insect damage (Tables 6  and 7 ). In a study without insecticide applications, Burkness et al. (2002) found that three transgenic Bt sweet corn hybrids provided 75% to 99% marketable ears for fresh market use, compared with 14% to 34% marketable ears for three non-Bt sweet corn hybrids. Musser and Shelton (2003) noted that foliar sprays of Bt have provided inconsistent control of Lepidoptera pests of sweet corn. Farrar et al. (2009) evaluated spray treatments including nuclear polyhedrosis virus, neem, and spinosad for control of Lepidoptera larvae on transgenic sweet corn, and found that only spinosad consistently reduced damage to ears. However, none of these studies reported effects of cob fill on marketability.
About 21% of the ears of 'Garrison' would have been marketable in terms of insect damage to the kernels but were culled due to poor cob fill (Table 7) . This finding reinforces the need to protect the silks before kernels develop. Sweet corn silks are subject to attack by nonlepidopteran pests, such as northern corn rootworm [Diabrotica longicornis (Borror et al., 1976) ]. These insects may not be controlled by Lepidopteraspecific toxins. Others (Musser and Shelton, 2003; Nuessly et al., 2007) have recommended applying supplemental insecticides to transgenic Bt sweet corn to reduce the potential for damage from nonlepidopteran pests. Regimen 5 (carbaryl alternated with permethrin) more than doubled the percentage of ears of 'GSS-0966' that were filled and had no insect damage compared with the control (Table 7) . Thus, better protection of the silks may partially explain the increased percentage of ''premium'' . v If main effect of insecticide regimen is significant, then within columns, means followed by the same letter do not differ according to Fisher's protected least significant difference at P £ 0.05. NS , *Nonsignificant or significant by F test at P £ 0.05, respectively. ears relative to the control resulting from Regimen 5 (Table 6 ). However, insecticide regimens did not affect the overall percentage of marketable ears, and no cultivar · insecticide regimen interactions were evident (Table 6) .
2012. The insecticides used in 2012 were chosen to provide a range in mammalian toxicity, expressed as the dosage required to kill 50% of a test population (LD 50 ) (Tables 1  and 8 (Table 8) showed that, as in 2011, insecticide regimens did not affect the overall percentage of marketable ears. However, Regimens 7 and 8 did reduce the percentage of ears with severe insect damage compared with the control (Table 8) . This contributed to an improvement of 15% or more in ''premium'' ears (Table 8 ). The 15% increase approached statistical significance (P < 0.07) in our 2012 experiment, and would be horticulturally significant if reproduced consistently over seasons. The regimen with the intermediate mammalian toxicity (Regimen 7) was as effective as the most toxic regimen (Regimen 8) in reducing severe insect damage to the ears (Table 8) . Most ears that were culls were filled, but had insect damage >1½ inches from the cob tip (Table 9 ). When insect pressure was low to moderate, Bt sweet corn did not require supplementary insecticide applications to achieve ‡88% marketable ears (Speese et al., 2005) . However, when insect pressure was extremely high, Bt sweet corn required two applications of l-cyhalothrin to achieve ‡88% marketable ears (Speese et al., 2005) .
Conclusions
Growers need to determine an appropriate planting window for fall sweet corn at their specific site. Planting too early will subject the crop to heat stress, resulting in stunted plants and poor quality ears. Planting too late will incur the risk of cold damage to the maturing plants. In eastern Oklahoma, a suitable planting window would correspond roughly to the last 2 weeks in July. Within this favorable period, it is possible to sow corn to a stand, but timely irrigation must be given. A seeding rate %1½ times the desired final stand appeared to be satisfactory. We found that use of a cultivar with genetic resistance to lepidopteran pests was a critical factor for successful production of fall sweet corn. Efforts to produce a crop with a nontransgenic cultivar using insecticides with relatively low mammalian toxicity were unsuccessful. Speese et al. (2005) determined that a strategy of transgenic Bt sweet corn plus two applications of l-cyhalothrin was profitable for a summer sweet corn crop in Virginia. Further studies are needed to determine whether supplemental insecticide applications are economically justified when growing a fall crop of transgenic Bt sweet corn in the south-central United States. Our experiments support previous recommendations for applying supplemental insecticides to transgenic Bt sweet corn to potentially increase production of ''premium'' ears by reducing the percentage of ears with insect damage >1½ inches from the cob tip (Lynch et al., 1999b; Speese et al., 2005) . We demonstrated that a spray schedule that rotated two insecticides with intermediate mammalian toxicity (carbaryl and permethrin) was as effective in reducing severe insect damage to ears of 'GSS-0966' as a similar schedule that rotated two highly toxic insecticides (esfenvalerate and methomyl).
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